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Abstract 
In this paper, a comparative study has been made between microstructural characteristics in coatings prepared by PM 
sintering and air plasma spray technique. Some significant results have been achieved. Firstly, wear-resistant coatings 
can be commonly achieved through these two techniques. Secondly, microstructural morphologies of these two 
coatings are obviously different, fully dense structure prevails in the PM sintering coating while bedded grain 
defective structure exists in the air plasma spray coatings. Thirdly, PM coating possesses finer, much thicker and 
more homogeneous microstructure than air plasma spray coating does. 
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1. Introduction 
Powder metallurgy (PM) is a convenient method to prepare bulk components with fine and dense 
microstructures. Quality control is relatively simple. For example, the final composition is the same as 
that of the starting powders, in contrast to the plasma spraying technique in which some components may 
be lost during the deposition process [1]. Recently developed surface treatment and composite technology 
by vacuum powder sintering (PM) have been widely used for preparation of coating from hard materials 
on steel surface. It was coated on the surface of steel with prepared mixed powder sintered in vacuum 
furnace. The major excellences exist in high thickness, high bonding strength and low quality in coating 
[2]. Thermal spray deposits of nickel-based alloys are used in numerous applications that involve 
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protection against wear and corrosion, restoration layers for machine parts, or bond coats for thermal 
barrier coatings [3]. The successful use of the coatings depends to a large extent on its mechanical 
properties and on the adhesion to the substrate, both of which are closely linked to the coating 
microstructure. Numerous studies in recent years have investigated these inter-correlations. It was found 
that a large degree of control over porosity, Young’s modulus, hardness, and residual stresses can be 
achieved by a deposition within spherical ranges of particle kinetic energies [4, 5]. The observed correlation 
between mechanical properties and porosity has also received a great deal of attention elsewhere [6–10]. 
In this paper, Co-based alloy wear-resistant coatings were prepared by PM sintering technique and 
plasma spraying on low carbon steel surface. A systematical comparative study was made among the 
phase structures, the microstructure morphology changes from the fusion line to clad surface, the micro-
segregation, the element distribution in the interfacial region, and the defects. The common and different 
characteristics of these two processes in preparing wear-resistant coatings are discussed. The results may 
lead to an increasing interest in the investigation of PM sintering technique for defects repairing and 
surface coating, and also provide a guideline for their industrial application. 
2. Experiment Details 
The PM sintering experiments were carried out with a vacuum furnace. A Co-based alloy powder was 
produced by gas-atomization at the IMR Metallurgy Division. Powder with a mesh size of -360 was used 
for PM sintering and atmospheric plasma spraying. The Co-based alloy (Co bal, Cr 14; Ni 13; W 3; Mo 4; 
Fe 3; Si 2.5; B 2; C 0.8) in the form of powder was coated like slurry on the surface of low carbon steel 
and then sintered in a vacuum furnace of ～3×10-2 Pa . The substrates were low carbon steel cylinders of 
dimensions Φ20mm×30mm. The sintering process was shown in fig.1. The plasma spray coatings were 
prepared at the thermal spray facility of the IMR Metallurgy Division.  
 
 
Fig. 1. The sintering process for PM 
Cross-sections of the specimens were polished using standard metallographic techniques and their 
microstructures were revealed with an electrochemical etching method. XL400-FEG Scanning Electronic 
Microscope (SEM) and energy-dispersive X-ray analysis (EDX) were employed to investigate the 
microstructure morphologies and characteristics.   
3. Results and Discussion 
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A typical cross-section appearance of coating prepared by PM sintering technique (Fig. 2a, c) and air 
plasma spray (Fig.2b, d) are shown in Fig.2. The two coatings have similar regularity, but their 
thicknesses are significantly different. The coating formed by PM technique is about 1mm while the 
plasma spray is only 500μm. A transition zone was investigated from fig.1a at the interface between 
coating and substrate while air plasma sprays coating not.   
Fig.3 shows the Cross-section micrograph of PM sintering (fig.3a) and plasma spray (fig.3b) coatings. 
It can be clearly seen that both of them can produce homogeneous and crack-free coatings with proper 
process. However, the dense of the coatings are quite different; the plasma spray process produced 
bedded coatings with line grain (Fig.3b) while the PM sintering process achieved fully dense coating. 
From fig.3, white phases are distributed among the coatings. From EDX analysis in fig.4a and fig.4b, 
there seem to be much more Cr and W element, which are the main components of hard phase (CoCr)7W6.   
 
  
 
  
Fig. 2. Cross-section SEM backscattered electron images of coating/substrate prepared by (a)PM sintering and (b)plasma spray, 
secondary electrons images of them(c) and (d) 
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Fig.3 Typical Cross-section images of (a) PM sintering coating and (b) plasma spray coating 
  
  
  
Fig. 4. EDX analysis of (a) plasma spray coating and (b) and (c) PM sintering coating 
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The element distribution, such as Fe, Co, Cr, C, Si across the coating and substrate is measured by 
EDX shown in fig.5. The major elements of the PM sintering layers are found to be distributed vertically 
to the substrate whereas the element Fe tends to be rich at the bottom of PM layer from Fig.5 point32. 
According to the EDX results in fig.5, interfacial region variation can be attributed to variation in the 
chemical composition of the coating close to the substrate. According to the composition profiles, the 
interfacial region of the PM coating can be divided into two parts: mixing layer in the lower zone and 
upper coating, indicating that the PM coating is formed by elements interdiffusion-metallurgical bonding 
while the plasma sprayed coating is formed through physical banding.  
 
  
  
Fig. 5. coating/substrate EDX analysis prepared by PM sintering 
4. Conclusion 
1.  A Co-based alloy wear-resistant coating can be prepared by PM sintering technique and plasma spray 
successfully. While there was some porosity in the air plasma sprays coating. With PM technique, 
thicker coating can be built with fully dense metallurgical bonding to substrate metal.  
2. Microstructural morphologies of these two coatings are obviously different with the exception of 
common white phase in the interfacial region.  
3. Microstructure of PM coating is much finer and less micro-segregation than that of plasma spray. 
 
1779Jie Zhang et al. / Procedia Engineering 27 (2012) 1774 – 1779
6 J. Zhang, et al. / Procedia Engineering 00 (2011) 000–000 
Acknowledgements 
The authors would like express thanks to the laser lab of State Key Laboratory for Corrosion and 
Protection, and Institute of Metal Research, Chinese Academy of Sciences for their support to the 
experiment. 
References 
[1] DellaCorte C, Sliney HE. NASA-TM-102355-1990. 
[2] Zhou XP. Microstructures and Properties of Hard Materials Coating On Die Steel Surface by Vacuum Powder Sintering,  
Chinese: Chinese Dissertation; 2006, p. 2 
[3] Pawlowski L. The Science and Engineering of Thermal Spray Coatings. Chichester: Wiley, Sons ; 1995. 
[4] Sampath S, et al. Mater.Sci.Eng 2004;364:216–231. 
[5] Kesler O, et al. Mater.Sci.Eng A 1998;257(2):215–224. 
[6] Allen AJ, et al. Acta Mater 2001;49(9):1661–1675. 
[7] Sevostianov I, Kachanov M. Mater.Sci.Eng A 2001;297:235–243. 
[8] Matejicek J, et al. Thermal Spray: Surface Engineering via Applied Research. In: Berndt CC, editors. ASM, Materials Park, 
OH ; 2000, p. 351–354. 
[9] Gnaupel-Herold T, et al. Recent Advances in Experimental Mechanics. In: Gdoutos EE, editors. Dordrecht: Kluwer Academic 
Publishers; 2002, p.507–514. 
[10] Kroupa F, Dubsk´y J. Scripta Mater 1999;40(11):1249.  
